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[OBJECT] 

A heat-shrinkable polyester film used for a 
shrinking label, shrinking packaging, etc. 
excellent in low-temperature heat shrinking 
characteristics, solvent-bonding property, tear 
resistance, hot water resistance, etc. is 
provided. 



mm 

y ^ XI /X fi^ y :7 ^ /V 
^7 0 — 9 9 fty^i^ 
:/v?;(7yV/J?>'^^ 1 ~ 3 0 ^ 

^^l/>'i7"y =1— /v?r 5 0~ 9 
5 v'^f- 1/ :/ i7" y :3 — 

1, 4 -i^iJ' ^ 



[SUMMARY OF THE INVENTION] 

A heat-shrinkable polyester film which is fonned 
by making copolymer polyester comprising 
terephthalic acid and/or 70-99 mol% of 
isophthalic acid and 1-30 mol% of naphthalene 
dicarboxylic acid dicarboxylic acid as 
dicarboxylic-acid component, and 50-95 mol% 
of ethylene glycol, diethylene glycol, 
tetramethylene glycol, 1 ,4-cyclohexane 
dimethanol, and 5-50 mol% of 1 or more kinds 
of propanediol derivative shown with the 
general fonnula 



[COMPOUND 1] 



R. 

I 

HOCHz-C— CHiOH 
I 



(R,. R2 (i^^^ 1 ~ 6 coii: (R1 and R2 are a straight or branched 

m.X\^'j^^m.(Dm^mi\Lii^m saturated-hydrocarbon group with 1-6 carbons) 

'C^^ti'ST'p^'^^v^^— ^® ^ component into a film, and by 

/vW^W<D 1 UU^'k 5 ~ 5 0 'J"'3'^'a"y drawing the copolymer polyester film. 

;K y a: 7> X /u^BU^y ■< 
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[CLAIM 1] 

A heat-shrinkable polyester film which is formed 
by making copolymer polyester comprising 
terephthalic acid and/or 70-99 mol% of 
isophthalic acid and 1-30 mol% of naphthalene 
dicarboxylic acid dicarboxylic acid as 
dicarboxylic-acid component, and 50-95 mol% 
of ethylene glycol, diethylene glycol, 
tetramethylene glycol, 1 ,4-cyclohexane 
dimethanol, and 5-50 mol% of 1 or more kinds 
of propanediol derivative shown with the 
general formula (R1 and R2 are a straight or 
branched saturated-hydrocarbon group with 1-6 
carbons) as a diol component into a film, and by 
uniaxially drawing the copolymer polyester film. 

[COMPOUND 1] 



Ri 
I 

HOCHj-C-CHaOH 
I 

R2 



/Ul§^|$:CD 1 mU±^ 5 ~ 5 0 

y ^ ;^ X /^^fiilx^ 7 ^ /V 



(RI and R2 are the straight or branched 
saturated-hydrocarbon groups of a carbon 
number 1-6) 1 or more kinds of the 
propanediol derivative shown with this 5-50 
mol% is contained. The heat-shrinkable 
polyester film which makes film and carries out 
the uniaxial orientation of above copolymer 
polyester. 



[DETAILED DESCRIPTION OF INVENTION] 
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[0001] 



[INDUSTRIAL APPLICATION] 

This invention relates to the heat-shrinkable 
polyester film used for the shrinking label, 
shrinking packaging, etc. which are excellent in 
the appearance after heat shrink and tear 
resistance, a hot water resistance, etc. 



[0 0 0 2] 



[0002] 



y'ruy'^u—h (J^TPET 
^ u 5 |E# :7 ^ /u- A 

^/v^s-u^'^^^^^i^'y =1— /i^ 
^ ^M-g- L fc>K y ^ ;^ X /i^/S^ 

V^S (^J^{i\ #r?^BS5 7-4 
2 7 2 6^^^. #PI0S6 3 - 
1 5 6 8 3 3^^^), 



[PRIOR ART] 

Conventionally, as the shrinking label used for a 
glass bottle, a polyethylene-terephthalate (it 
describes as PET below) bottle, etc., and a 
heat-shrink film for foodstuffs packaging, the 
oriented film which consists of a polyvinyl 
chloride or a polystyrene has mainly been used. 
However the shrinking polyester film of the 
excellent in hygienic safety, or chemical- 
resistance and heat-shrink characteristics 
comes to be demanded in recent years. 

The oriented film which consists of polyester 
which co-polymerized a terephthalic acid and 
an ethylene glycol, neopentyl glycol, the 
isophthalic acid, or 1,4- cyclohexane 
dimethanol is proposed (for example, 
Unexamined-Japanese-Patent 57- 42726 
gazette, Unexamined-Japanese-Patent 63- 
156833 gazette). 



[0 0 0 3] 

-g-tf y ^ :^ X yi^;^)^ t /cf -5 M# 
■7 A )\yM'L-o\^X\>. 



[0003] 

Moreover, it proposes also with the oriented film 
which consists of polyester containing a 
naphthalene dicarboxylic acid, for heat-resistant 
improvement etc. (For example.Unexamined- 
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^^(D^^^^hX\^^^ (Mk. Japanese-Patent 63- 161030 gazette). 

}±\ #F?|Bg6 3- 1 6 1 0 3 0 



[0 0 0 4] 



[0004] 



A(4 5 0~8 0°C©{£?a{l*5{t 
[0 0 0 5] 



[PROBLEM ADDRESSED] 

However, these films had the heat-shrink 
inadequate ability in 50-80 degrees-Celsius low 
temperature. 

When using for a shrinking label, in order to 
make the one way only furthermore appearance 
defects, that is, the end of a label is wavy by 
shortage of solvent-bonding property and 
shrinkage of the non-shrinking direction, shrink, 
generally, a uniaxial orientation is performed. 

However, as a result, a film crack-forms to be 
easy in the drawing direction. That is, there is a 
problem of the stretch of drawing and the right- 
angled direction reducing. 

It is difficult to use plastic bottles, such as 
PET bottle. 

In addition when a hot water and steam 
perform a shrinkage or a sterilization process, 
problems, such as carrying out a whitening, are 
generated. 

Therefore objective of the invention is to 
provide the heat-shrinkable polyester film 
excellent in low-temperature heat shrinking 
characteristics, solvent-bonding property, tear 
resistance, the hot water resistance, etc. 



[0005] 



[SOLUTION OF THE INVENTION] 

Present inventors, In order to achieve these 
subjects, copolymer polyester obtained from the 
dicarboxylic-acid component and the diol 
component of a specific composition is 
earnestly made film as a result of study. 
By carrying out a uniaxial orientation, the heat- 
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shrinkable polyester film with whicli it is 
excellent in low-temperature heat shrinking 
characteristics, and problems, such as the 
whitening by a shrinkage of solvent-bonding 
property or the non-shrinking direction and the 
crack easy of a film, and hot-water process, 
have been improved is obtained. 
The above was discovered and this invention 
was reached. 

[0006] 

That is, this invention. As a dicarboxylic-acid 
component, a terephthalic acid and/or 1-30 
dicarboxylic acids of 70-99 mol% of isophthalic 
acids and naphthalene dicarboxylic acids are 
contained. As a diol component, an ethylene 
glycol 50-95 mol%, diethylene glycol, a 
tetramethylene glycol, 1,4- cyclohexane 
dimethanol, and a general formula. 



[{k2l 



[COMPOUND 2] 



Ri 



HOCH2— C-CHjOH 



Rs 



(R,, R2 tij^^iC 1 ~ 6 (7)E 

m X ^ HjS « <^ ^ fo ^ k * ^ 
ju^^p^(D 1 5 ~ 5 0 

y ;^ X /l^^filR^ 7 ^ A T- 



(RI and R2 are the straight or branched 
saturated-hydrocarbon groups of a carbon 
number 1-6) 1 or more kinds of the 
propanediol derivative shown with this 5-50 
mol% is contained. It is the heat-shrinkable 
polyester film which makes film and carries out 
the uniaxial orientation of above copolymer 
polyester. 
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[0007] 

This invention is explained in detail below. 
Each component which comprises the heat- 
shrinkable polyester film of this invention, A 
terephthalic acid and/or 70-99 mol%, preferably 
80-98 mol% of isophthalic acids are contained 
as a dicarboxylic-acid component. 
1-30 mol%, preferably 2-20 mor/o)of 
naphthalene dicarboxylic acids is contained. 

When a naphthalene dicarboxylic acid is less 
than 1 mol%, a hot water resistance is not 
improved but a bad appearance, such as a 
whitening, generates. 

Conversely when a naphthalene dicarboxylic 
acid exceeds 30 mol%, low-temperature heat 
shrinking characteristics and tear resistance will 
reduce. 



[0008] 

About a naphthalene dicarboxylic acid, although 
there are several isomers in the position of the 
carboxyl group coupled to a naphthalene ring, 
there is in particular no limitation. 

However 2,6- naphthalene dicarboxylic acid 
and a 1,5-naphthalene dicarboxylic acid are 
preferable. 



[0009] 

As a diol component, an ethylene glycol 
contains 50-95 mor/o, preferably 70-90 mol% 
Diethylene glycol, a tetramethylene glycol, 1,4- 
cyclohexane dimethanol, and a general formula 



[{t3l 



[COMPOUND 3] 
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Ri 

I 

HOCH2— C-CH2OH 
I 

R2 



/\y^Ui$.(D 1 uu±.^ 5 ~ 5 0 

ck "9 L < f± 1 0 ~ 
3 0^/V%-atfo ^^U>'^y 
=1— /V;65 5 0 ^/V%5|5?it-Cf±— 

L < Tic 

[0 0 10] 



[0 0 1 1 1 



(RI and R2 are the straight or branched 
saturated-hydrocarbon groups of a carbon 
number 1-6) 1 or more 5-50-mol%, more 
preferable 10-30 mol% kinds of the propanediol 
derivative shown with this are contained. 
If an ethylene glycol is less than 50 mol%, the 
tear resistance at the time of carrying out a 
uniaxial orientation and ductility reduce. A 
swelling and the whitening of a part which 
carried out the solvent bonding become 
remarkably. 

Since heat shrink reaches saturated in a 
short time, it becomes easy to produce 
shrinkage spots. 

Conversely when an ethylene glycol exceeds 
95 mol%, solvent-bonding property will reduce 
as a low-temperature heat-shrinking property. 



[0010] 

Copolymer polyester of this invention can be 
made using the well-known general polyester 
polymerization methods, such as a direct- 
polymerization method and an ester- 
interchange method. 

Moreover as for the intrinsic viscosity used as 
the scale of the molecular weight of copolymer 
polyester, 0.5 or more are preferable from the 
mechanical strength of a film etc. 

It is 0.6 or more more preferably. 

[0011] 

Co-polymerization components except for the 
above can be added to copolymer polyester of 
this invention in the range which does not 
change the property remarkably. 
For example, as a dicarboxylic acid, adipic 
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acid, an oxalic acid, malonic acid, a succinic 
acid, azelaic acid, a sebacic acid, a phthalic 
acid, a 5-t- butyl isophthalic acid, a 
diphenylether dicarboxylic acid, a cyclohexane 
dicarboxylic acid, 5-sulfonate isophthalic acid, a 
dimeracid, etc. are mentioned. 

Moreover, as a diol connponent, the diethoxy 
compound of a propylene glycol, a 
hexamethylene glycol, polyalkylene glycol, a 
bisphenol A, or bisphenol S etc. is mentioned. 



[0012] 

Furthermore, a product can also use the like 
hydroxy carboxylic acid of p -hydroxybenzoic 
acid and a p -oxy ethoxy benzoic acid, the like 
1 functionality compound of a benzoic acid, a 
benzoylbenzoic acid, and methoxy polyalkylene 
glycol, and glycerol, a pentaerythritol, a 
trimethylol ethane, the like of a trimethylol 
propane and a polyfunctional compound within 
range which can hold a linear macromolecule 
substantially. 



[0 0 1 3 1 

y -^-xit^ 



[0013] 

Moreover, other polyester, another polymer, or 
various kinds of addition agents may be added 
in the range which does not change the 
essential point of this invention. 

For example, as the inorganic lubricating 
agent and the organic lubricating agent which 
improve easily slid property of a film, there is an 
internal particle formed in the insides of a 
polymer used at the time of polyester 
production of the alkali metal compound 
furthemnore well-known inactive exterior 
particles, such as kaolin, clay, a calcium 
carbonate, a silicon oxide, terephthalic-acid 
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calcium, aluminium oxide, a titanium oxide, a 
calcium phosphate, and fluoride lithium, the 
insoluble high-melting-point organic compound 
compounded in case of the melting film 
production of a polyester resin, and a 
crosslinked polymer or an alkaline-earth-metal 
compound, such as a metal compound catalyst. 

Moreover as an addition agent, a stabilizer, a 
coloring agent, antioxidant, an antifoamer, etc. 
can be contained depending on necessity. 

This microparticle contained in a film is 
0.005-0.5 weight%. 



[0014] 

Next the manufacturing method of the film of 
this invention is specifically shown. 
A non-expanded sheet is made from well- 
known methods, such as the melting extrusion 
method and a calender method, using 
copolymer polyester of this invention. 
Subsequently 2.0-5.0 times, preferably 2.5-4.5 
times it draws in one way, that is, the direction 
to make shrink. 

The oriented film whose thickness is finally 
about 20-1 00 micrometers is produced. 

In addition as for drawing and the right- 
angled direction, it is preferable to fix so that a 
dimensional change may not be carried out in 
the case of drawing. 



[0 0 151 

M # ¥ ^ ( ^ -0 1/ ^ -C # (I S'J Pfi « 

1 o~3 o°cii;?a<ir t, -is^afi 



[0015] 

There may not be in particular limitation about 
drawing means, methods, such as roll drawing, 
tenter drawing, and tubular drawing, can be 
applied, and what things, such as the fonm of 
the form of flat and a tube, are sufficient as the 
form of a film. 

Drawing temperature, the contractile ability of 
the drawing stress, the drawing situation, and a 
film is seen, and it specifies suitably. 
However, it makes as 10-30 degrees-Celsius 
high temperature from a glass transition 
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temperature usually. 

For obtaining low-temperature heat shrinking 
characteristics, drawing at low temperature 
comparatively is preferable. 

Moreover it may respond necessary and heat 
setting after drawing may be perfomned. 

[0016] 

The heat-shrink film of this invention shows big 
heat shrink in the drawing direction. The thermal 
contraction rate 10 % or more is preferable at 
80 degrees-Celsius. 30 % or more is preferable 
at 100 degrees-Celsius. 

20 % or more is more preferably preferable at 
80 degrees-Celsius. It is 50 % or more in 100 
degrees-Celsius. 

On the other hand, the drawing direction and 
the right-angled direction have a few 
dimensional change. The thermal contraction 
rate has a preferable 10% or less at 100 
degrees-Celsius. 

It is a 5% or less in 100 degrees-Celsius more 
preferably. 

[0017] 

When making a shrinking label from the film 
drawn in the shape of flat, it bonds in the shape 
of a tube using a solvent. 

A solvent considers the appearance of 
bonding strength and an adhesion part, the 
volatile of a solvent, etc., and mixes and uses 
the solvent of independent or some. 

As preferable solvent, there are a methylene 
chloride, chloroform, a trichloro ethane, the 
tetrachloroethane, benzene, toluene, a xylene, 
acetone, methyl ethyl ketone, tetra hydrofurane, 
a dioxane, an ethyl acetate, etc. 
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Hereafter, an Example further specifically 
explains this invention. 

However, this invention is not limited to these 
Examples. 

A measurement and the evaluation method 
are shown below. 

[0019] 

(l)lntrinsic viscosity (IV) 

It was calculated from the sample 
concentration of 1 g/dl, and the solution 
viscosity measured by 20 degrees-Celsius 
using the mixed solvent of a phenol / 
tetrachloroethane =50/50. 



[0020] 

(2) Glass transition temperature (Tg) 

It measured by the differential scanning 
calorimeter (DSC) at temperature-increase-rate 
10 degrees-Celsius /min using the non- 
expanded sheet. 

[0021] 

(3) Thenmal contraction rate 

From the film which increased the uniaxial 
orientation of the non-expanded sheet of 
thickness about 200 micrometers 4 times by 
Tg+20 degrees-Celsius, the test piece with the 
length 5 or 10 cms, and a width of 1 cm was 
taken about the drawing direction and its right- 
angled direction. The hot air drying equipment 
put for 30 seconds in, and it was calculated from 
the dimensional change. 

[0022] 

(4) Solvent-bonding property 

The bonding cylindrical label was made so 
that the drawing direction might consist of the 
film made like the above thermal-contraction- 
rate measurement in the direction of a periphery 
using tetra hydrofurane. And it evaluated as 
follows about the level of adhesion, and the 
appearance of an adhesion part. 

(CIRCLE) Favorable. (TRIANGLE) 
Although adhered, they are an appearance top 
problem (Cross) Adhesive agent. 
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[0023] 

(5) Low-temperature heat-shrinking property 
Cover the label prepared by above solvent- 
bonding property evaluation in 1.5IPET bottle. 

100 degrees-Celsius hot air drying equipment 
put for 30 seconds in. It is made to heat-shrink. 

After picking it out, it evaluated as follows 
about the appearance and the tightness 
condition of a label. 

(CIRCLE) Favorable. (TRIANGLE) 
It is an appearance defect a little. (Cross) 
Bad 

[0024] 

(6) Tear resistance 

About the film which carried out the uniaxial 
orientation like above solvent-bonding property 
and low-temperature heat shrinkage evaluation 
Drawing and tension test in the right-angled 
direction was carried out It evaluated as follows. 

(CIRCLE) Favorable, (TRIANGLE) 
although it is a little low, a real use possible 
(Cross) Unsatisfactory. 

[0025] 

(7) Hot water resistance 

3 minutes of the films prepared like the above 
thermal-contraction-rate measurement were 
soaked in 100 degrees-Celsius hot water, and 
they were evaluated as follows about the 
appearance. 

(CIRCLE) Favorable, (TRIANGLE) 
It is a surface glossiness reduction a little. 
(Cross) Unsatisfactory 

[0026] 

Example 1-6 and Comparative Example 1-4 
First using a stainless steel autoclave. Each 
dimethyl ester of a terephthalic acid, an 
isophthalic acid, and 2,6- naphthalene 
dicarboxylic acid, each diol component, and the 
transesterification catalyst (calcium acetate) 
were added. 

Transesterification was carried out by 230 
degrees-Celsius. 

Then a polymerization catalyst (antimony 
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trioxide) and a phosphate are added, and 280 
degrees-Celsius, the polycondensation reaction 
was performed under reduced pressure and 
copolymer polyester was obtained. 
Subsequently it dries. 

The non-expanded sheet was made with the 
T-die single-axis extruder. Furthermore the 
uniaxial orientation was carried out and the 
heat-shrinkable polyester film was prepared. 

The composition and the above-mentioned 
evaluation result of copolymer polyester are 
shown in the Table 1-table 3. 

[0027] 
[Table 1] 
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Row: Test No., Dicarboxylic-acid component (mol%), Diol component (mol%) 
Column: Test No., Example, Comparative example 

(Note) Terephthalic acid, Isophthalic acid, 2, 6 - naphthalene dicarboxylic acid. 
Ethylene glycol, Diethylene glycol, Tetramethylene glycol, 1,4- cyclohexane 
dimethanol, Neopentyl glycol 
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Sheet containing chemical formulas, etc. 

Row: Test No., Drawing direction, Direction perpendicular to drawing direction 
Column: Test No., Example, Comparative example 
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[Table 3] 
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Row: Test No., Solvent-bonding property, Low-temperature heat shrinking 
property. Tear resistance, hot-water resistance 
Column: Test No., Example, Comparative example 
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[0030] 

As shown in Table 2 and 3, in the Example, the 
heat-shrinkable polyester film excellent in low- 
temperature heat shrinking characteristics, 
solvent-bonding property, tear resistance, the 
hot water resistance, etc. was able to be 
obtained. 

On the other hand, in Comparative Example, 
the heat-shrinkable polyester film of the 
excellent property was not obtained. 

[0031] 



[EFFECT OF THE INVENTION] 

The heat-shrinkable polyester film of this 
invention is excellent in solvent-bonding 
property and tear resistance. 

In the case it make a shrinking label etc., it 
can process easily. 

Furthermore low-temperature heat shrinking 
property is also good, and when a shrinking is 
carried out, a high quality appearance is 
obtained. 

. In addition it can use to the shrinking label 
and shrinking packaging of a wide application 
range from carrying out a whitening also neither 
by the hot water, nor steam process. 
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